The effect of varying the water content was evaluated in shrinkage, dimensional characteristics and shape of the fruits of coffee during drying. Fruits were used Conilon coffee (Coffea canephora), clone 83 of clonal variety EMCAPA 8141. The fruit was hand-picked and selected only the two stages, cherry and unripe. Different batches of coffee were dried in an oven with forced ventilation with air temperature of approximately 60 ± 3 °C until different levels of water content. Fruit size was determined by varying the volume and shape was examined by sphericity and roundness. The shrinkage of the fruits was determined by the ratio between the volume at each water content and initial volume. It was determined that the projected area, surface area and volume increase with increasing water content for conilon coffee fruit. The shape of the conilon coffee fruits was influenced during the drying process, promoting the 
Introduction
Agribusiness coffee is among the most important socioeconomic activities when compared to different activities related to agricultural trade, with a large global commodity. The species of greatest importance in the international economic market are Coffea arabica (Arabica coffee) and Coffea canephora (robusta). About 70% of coffee traded in the world is the type arabica and 30% robusta. In the context of world coffee production, Brazil is a country located strategically better by presenting a production on a large scale of two most important species (Ivoglo, 2007) .
A major factor in the success of conilon coffee due to the fact that this species is an important component in the composition of the blends with Arabica coffee. In Brazilian industries roasted and ground conilon coffee participated in 2010, with 42.5% of the total volume consumed. This is because it has a higher soluble solids, higher industrial output, check out the feature body and structure to the final product. Importantly, the international roasters began to increase the percentage of robusta/conilon in blends from 15 to 25% for 30 to 45% (Teixeira, 2011) .
Although coffee is an ancient culture, today it has developed clonal varieties with unknown physical properties, limited and scattered. The Capixaba Institute of Research, Technical Assistance and Rural Extension (INCAPER) on several years of research in the area of genetic improvement with the coffee conilon, developed five varieties of clonal and sexual propagation for the State of Espí rito Santo, called respectively: EMCAPA 8111 -early maturation; EMCAPA 8121 -intermediate maturation; EMCAPA 8131 -late maturing; EMCAPA 8141 Robustã o Capixaba -drought tolerant; VITORIA INCAPER 8142, and 8151 EMCAPER Robusta Tropical -of sexual propagation. These new varieties have been the basis for the renovation of coffee species in Espí rito Santo and contributed effectively to the technological advancement of the culture of Coffea canephora in the whole country (Fonseca, 2001 ).
An important challenge to be faced by the sector of conilon coffee production is their competitiveness, which should be environmentally sustainable and economically viable. This implies offering top quality coffee to meet the markets, domestic and foreignand increasingly demanding.
Reducing the water content of the grains influences directly the change in physical properties during drying. In order to minimize costs of production for greater competitiveness and improved quality of the processed product, drying and knowledge of the behavior of physical properties of coffee fruits are the main factors contributing to the development of appropriate equipment, processes and simulations aimed improve the productive system of that culture.
Machinery projects for processing, grading and sizing equipment designed for postharvest agricultural products require data on the physical properties, especially the geometric properties. Information about the size, volume, density and porosity among other physical characteristics of agricultural products, are considered of great importance for studies involving mass, heat transfer and air movement in granular masses. Together with the water content, density, porosity and volume are parameters used to determine the drying conditions and storage of agricultural products and thus enable the prediction of quality losses of the material until the time of its commercialization.
The physical properties have been studied by different authors and for different agricultural products such as coffee robusta and Arabica (Chandrasekar, 1999) , parchment coffee (Perez-Alegria, Ciro, & Abud., 2001), lentils (Amin, Hossain, & Roy, 2004) , wheat (Corrê a, Ribeiro, Resende, & Botelho, 2006) , pistachio (Kashaninejad, Mortazavi, Safekordi, & Tabil, 2006) , wheat (Al-Mahasneh & Rababah, 2007) , beans (Resende, Corrê a, Goneli, & Ribeiro, 2008) , rice (Varnamkhasti et al., 2008) , barley, lentils, wheat and chickpeas (Gürsoy & Güzel, 2010) and maize (Seifi & Alimardani, 2010) .
According Goneli (2008) , one of the most important physical changes that occur in agricultural products during drying is the reduction of the external volume. The water loss causes damage to the cell structure of the product, leading to a change in shape and a decrease in their size (Mayor & Sereno, 2004) . Ramos, Brandã o, & Silva (2003) reported that, reducing the water content during the drying process causes a reduction in the size of the cellular tissue, a phenomenon usually called shrinkage. The drying of agricultural products with high initial moisture content, as the fruits of coffee is accompanied by a significant volume reduction, by which the product undergoes alterations in its original dimensions and form and occurs simultaneously with the diffusion of moisture, which can affect the rate of moisture removal. The removal of water decreases the stress exerted by the liquid in the cell walls of the product, causing shrinkage of the material (Fortes & Okos, 1980) . Some authors point to be ignoring the phenomenon of volumetric change during the dehydration process one of the main sources of errors in the development of mathematical models to simulate the drying process of biological materials (Brooker, Bakker-Arkema, & Hall, 1992; Lang & Sokhansanj, 1993) .
The shrinkage can be very intensive, depending on the drying method used (Krokida & Maroulis, 1997) and drying conditions, parameters affecting heat transfer and mass and should be considered in establishing models drying (Ramos et al., 2003) .
Most models used to represent the drying agricultural products was developed neglecting the shrinkage of the product during the dehydration process (Brooker et al., 1992) . Volumetric changes of products, due to their dehydration, are reported to be the main causes of changes in the main physical properties of agricultural products (Ratti, 1994) .
Although coffee is an ancient culture, today has developed clonal varieties with unknown physical properties, limited and scattered. In order to obtain data that can be used in systems development processes during harvest and post-harvest coffee, this study aimed to evaluate the shape and shrinkage of coffee fruit during the drying process, and adjust different mathematical models reported in the literature to the experimental values of the analyzed properties, depending on the water content.
Material and Methods
This work was performed at the Laboratory of Physical Properties and Quality of Agricultural Products belonging to the National Training Center in Storage (CENTREINAR), located at Universidade Federal de Viç osa, Viç osa, MG.
Coffee fruits (Coffea canephora) were harvested; clone 83 of clonal variety EMCAPA 8141, proceeding from the experimental farm of the Agricultural Research Center of Minas Gerais (EPAMIG), located in the city of Leopoldina, Minas Gerais. The fruit was hand-picked and selected only the two stages, cherry and unripe. During the process of harvesting immature fruits were removed, deteriorated or damaged, in order to obtain a homogeneous material and of better quality, in addition, were used coffee fruit size above the sieve with holes of 9 mm.
Subsequently the different batches of coffee were dried in an oven with forced ventilation with air temperature of approximately 60 ± 3 °C until different levels of water content. The monitoring of reduction of the water content with the elapse of drying time was made by gravimetric method (weight loss), knowing the initial moisture content of the product. For this monitoring was used an analytical balance with a precision of 0.01 g. The moisture content of the product was determined by the oven method at 105 ± 3 °C to constant weight in three replicates (BRASIL, 2009) . During drying, the water content for each obtained samples were homogenized and submitted for determination of its physical properties, always in triplicate.
Shape and Size
The shape and size of the fruits of coffee considered triaxial spheroids ( Figure 1) were analyzed by sphericity, circularity, surface area and projected area, from the measurements of the characteristic dimensions, orthogonal axes in ten replicates obtained using a digital caliper with a resolution of 0.01 mm. After certain characteristics of its dimensions, volume (V) of fruits was determined as proposed by Mohsenin (1986) , according to equation 1:
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The sphericity (E) of coffee fruit was calculated using Equation 2, proposed by Mohsenin (1986):
The circularity (C) of coffee fruits was determined equation 3 (Mohsenin, 1986 ):
The projected area (Ap), in mm 2 , of coffee fruits was determined by Equation 4:
The surface area (S), in mm 2 , of the fruits of coffee was calculated by the equation 5 and 6:
The rate of shrinkage of coffee fruit during the drying of the product was determined by the ratio between the volume for each water content (V) and the initial volume (Vo) using equation 7: =
where:
ψ: shrinkage rate, decimal;
V: volume at each water content, m 3 , and V 0 : initial volume, m 3 .
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For monitoring the volume reduction of the mass during each measurement, the product was transferred to a measuring cylinder with a capacity of 1 liter. The unit volumetric shrinkage of coffee fruits was determined according to equation 7. For determining the volume of the product, was used to equation 1 in accordance with Figure 1 .
Experimental data of unit volumetric shrinkage and fruit mass were adjusted to the mathematical models described by the expressions listed in Table 1 . 
Rahman (1995) 
Statistical analysis
Experimental data of the variation of water content, shape, size, volumetric shrinkage were subjected to regression analysis (equation 14 and 15) and the selection of the appropriate model to express the relationship between variables.
Linear regression model:
here: 
: vector of model parameters, and f (Xi, ) non-linear function represents the expected value E (Y i ).
The models were selected considering the magnitude of the coefficient of determination (R 2 ), the magnitude of the mean relative error (P) and the standard error of estimate (SE). The mean relative error and standard error of the estimate, for each of the models were calculated according to equations 16 and 17: Table 2 shows the data of volume, projected area, surface area, rates of shrinkage of the characteristic dimensions (size / initial size), circularity and sphericity of coffee fruits depending on the water content. Table 2 . Shrinkage ratios (a/a o , b/b o e c/c o ), volume (V), the projected area (Ap), the surface area (S), sphericity (E) and circularity (C) of coffee fruits. It can be observed that, reduction for every dimension by reducing the water content. We observe a similar behavior in each shrinkage rate evaluated, which ensures sphericity and roundness values with values close between the beginning and end of drying. Sphericity and circularity were values less than 90%, show that the fruits of coffee conilon cannot be classified as spherical, regardless of water content they present. It is noted that the present Conilon coffee fruits has not uniform variation of its dimensions, with smaller reduction in the major axis (a) when compared with the middle axis (b) and lower (c), as can be seen by varying the shrinkage rate.
Results and Discussion
It is observed in Figure 2 , the behavior of the projected area (Ap) and surface area (S) of coffee fruits in stages unripe and cherry. The experimental data of projected area (Ap) and surface area (S) of coffee fruits showed an adjustment to the model with polynomial coefficient of determination greater than 0.99, as can Figure 3 shows the behavior of unit shrinkage and mass of coffee fruits in different maturation stages studied. It is observed the decrease of the volume of coffee fruit from the decreased water content. The fruits of coffee cherries had a 56.73% reduction in volume and a reduction of the unripe 66.87% for the respective moisture content ranges studied. This reduction during the drying process the coffee is associated with shrinkage of the product, filling the pores arising in the course of drying. Similar behavior has been reported by Afonso Júnior (2001) , but in this case the contraction of clone 83 was lower compared to the coffee species studied by the author.
Tables 4 and 5, shows the summary of shrinkage models studied for unit shrinkage and mass, respectively. Also presented are the coefficients of determination (R2), mean relative error (P) and standard error of estimate (SE). It has been determined that the shrinkage decreases during the drying process. McMinn & ISSN 2166 -0379 2014 Magee (1997) attributed this behavior of the product to structural changes associated with cellular changes due to water loss.
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Conclusions
The projected area, surface area and volume increase with increasing water content for Conilon coffee.
The shape of the fruits of Conilon coffee is influenced during the drying process, promoting the reduction of sphericity and circularity values from the reduction of moisture content.
The shrinkage showed a nonlinear decreasing behavior with reducing the water content of the mass of Conilon coffee fruit. The models of Bala & Woods (1984) adapted Corrê a et al. (2004) and polynomial, fitted to experimental data to estimate unit shrinkage rate and mass fruits of coffee depending on the water content, satisfactorily accounted for the phenomenon, and the polynomial model was the best fit.
